Background: Non-small cell lung cancer (NSCLC) accounts for about 80% of all lung cancers. The current criteria for its staging are based on the TNM system that determines treatment options and predicts survival rate in patients. The aim of the study was to evaluate the diagnostic accuracy of 18F-fluorodeoxyglucose (18F-FDG) positron emission tomography PET/CT in staging of NSCLC patients. Methods: A retrospective study was conducted. We reviewed the CT and PET/CT examinations done in our institution on pathologically proven patients of NSCLC, in the period between October 2018 and end of July 2019. Results: A total of 40 patients were evaluated with the age ranging from 37 to 77 years old, and the mean was 55.63 years (SD ± 10.29). There were 31 male cases and 9 female cases. When we compared contrast enhanced CT (CECT) to PET-CT for staging, PET-CT helped upstage disease in 10 of 40 patients (25%) and downstage in 3 of 40 patients (7.5%).
Background
The optimal treatment of non-small cell lung cancer (NSCLC) relies on accurate disease staging that is based on the TNM system which relies on tumor size, regional nodal involvement, and the presence of metastasis [1] . Correct evaluation of the presence or absence of metastases in mediastinal and hilar lymph nodes is a critical factor that may determine operability and long-term survival in patients with NSCLC. Surgical treatment can be expected in 70% of patients with N0 stage and up to 24% of patients with N2 stage; however, surgery is generally not indicated in patients with N3 stage cancer [2] . Unfortunately, only 25% of patients will have resectable disease at presentation. Of those with stage I and II disease, 20 and 40%, respectively, will ultimately relapse with metastatic disease that was occult at the time of presentation [3] . Although X-ray chest radiograph is simple and convenient, its high rate of missed diagnosis makes the credibility of clinical diagnosis low [4] . With the continuous development of medical research and clinical treatment level, multi-slice spiral CT imaging diagnosis technology is widely used in clinical diagnosis of malignant tumors [5] . Although it provides anatomic information, it has poor sensitivity (approximately 50%) and specificity (approximately 85%) for detecting mediastinal tumor [6] . 18F-fluorodeoxyglucose (18F-FDG) positron emission tomography (PET) images may be more sensitive than CT because alterations in tissue metabolism generally precede anatomical changes [7] . However, PET has relatively poor spatial resolution, thus limits its anatomical localization of lesions [8] . Integrated PET-CT provides information about anatomy and metabolism by combining morphological CT data and functional PET data [9] . 18F-FDG PET/CT scanning is now a standard procedure for staging patients with nonsmall cell lung cancer (NSCLC) and therefore is implemented in various international guidelines for presurgical evaluation [10] .
Aim of work
The aim of the study is to evaluate the diagnostic accuracy of 18F-FDG PET/CT in staging of NSCLC patients.
Methods
This retrospective study included a total of 40 patients pathologically proven to have NSCLC at Radiology Department in our institution from October 2018 till July 2019. The CT and PET/CT studies of 50 patients with pathologically proven NSCLC were reviewed. Both sexes were included with no age predilection. Ten patients were excluded because they were on chemotherapy with no pretreatment studies were found in our records. The institutional review board waived the requirement for informed patient consent.
Study procedures
In our institution, specific information is required for optimal interpretation of CECT and FDG PET/CT images, such as clinical history; results of previous imaging studies; history of surgery, chemotherapy, or radiation therapy; and the presence of a central venous or drainage catheter. The patients fasted for at least 4-6 h before the study, but drank water to maintain good hydration. The fasting blood glucose level was measured prior to 18F FDG injection, with the preferred level being lower than 200 mg/dl.
Technique
While resting on a reclining chair, the patients received (0.8 mCi/10 kg) of 18F-FDG intravenously and were asked to drink water with no excessive movement or talking. The imaging sequences were taken 45-60 min after tracer injection. All patients were positioned on the imaging table with their arms up. After determining the imaging field (base of skull to mid thighs) with an initial scout scan, CT acquisition with intravenous contrast material (Ultravist) (1-2 ml/kg) was performed (28-30 mAs; 120 Kv; slice thickness 5 mm). The CT scan was followed by the PET emission scan. Interpretation of the CECT was done first by two independent readers, and the interpretation of PET/CT was done after the CT and comparison of the results was done. Discrepancies between the readers were resolved by consensus. The cases were staged according to the TNM staging. (Table 1 ) [11] .
Statistical analysis
Data was analyzed statistically and entered to the Statistical Package for Social Science (IBM SPSS) version 23, and all the results were tabulated, presented graphically, and will be interpreted and discussed.
Results
A total of 40 patients who were pathologically proven to have NSCLC were included in the study. There were 31 male cases (77.5 %) and 9 female cases (22.5 %). Histological types are 21 cases (52.5%) of adenocarcinoma, 12 cases (30%) of squamous cell carcinoma, and 7 cases (17.5%) of large cell carcinoma.
All 40 patients underwent baseline contrast-enhanced CT (CECT) and PET-CT for staging. When we compared CECT against PET-CT for staging, PET-CT helped in upstaging the disease in 10 out of 40 patients (25%) and downstaging disease in only 3 patients (7.5 %). The staging was not changed in 27 cases (67.5%).
Comparison of CECT and PET-CT was done. Table 2 presents the local extension of tumors (T stage) by CT versus PET-CT. Lymph node involvement by the tumors (N stage) is illustrated in Table 3 . The M stage of the tumors is shown in Table 4 .
In this study, stages I-A to III-A of the disease were considered as operable cases and stages III-B and IV were considered as inoperable cases. This means that PET-CT converted 2 cases from being inoperable to being operable (one case from IVA to IB, the other case from IIIB to IIB) and converted three patients from being operable by CT to being inoperable by PET/CT (two cases from IIIA to IVA and IVB and the last case from IIIA to IIIB). This indicates that PET-CT changed the plan of treatment in 5 patients.
Discussion
Correct staging of lung cancer is important because the treatment options and prognosis differ significantly according to stage. Understanding the advantages and disadvantages of the available methods for staging NSCLC is crucial to decision-making [10] .
According to T staging
As regards chest wall and mediastinal invasion, in the current study, there was no mismatch between CT and PET -CT. This disagrees with Lardinois et al. [12] and De Wever et al. [13] who concluded that integrated PET/CT correctly predicted the T staging in patients with NSCLC in 86% of cases versus 68% with CT.
However, in this study, PET/CT allowed better discrimination between the tumor and the surrounding consolidative changes. This agrees with the study by De Wever et al. [13] who stated that PET/CT more accurately determined the T designation compared with CT alone. One of the advantages of PET/CT is in differentiating central tumors from post obstructive atelectasis because the tumor will often have increased FDG uptake compared with an atelectatic lung.
Regarding ipsilateral pulmonary nodules, this study revealed a mismatch between CT and PET-CT, with CT having false positive results in 9 cases. This caused PET-CT to downstage some patients. This is in keeping with the studies by Yi et al. [14] and Halley et al. [15] ,who concluded that PET-CT showed high sensitivity and specificity in differentiating benign from malignant pulmonary nodules more than 1 cm. It is also concordant with the study by Acker and Burrell [16] who stated that patients with negative (i.e. No FDG uptake) PET-CT nodules only need a follow-up. Among the cases downstaged with PET-CT, in only 1 case, the overall stage was changed and the 
patient became operable. In the remaining 8 cases, the overall stage was the same due to nodal and distant metastasis. A study by Ma C et al. [17] reported the ability of PET-CT to detect recurrent laryngeal nerve invasion and to clarify the cause of associated hoarseness of voice in lung cancer patients. This is concordant with the current study, where PET-CT detected 4 cases of recurrent laryngeal nerve invasion, but CT detected only one case. However, on retrospective pattern, the invasion could be detected by CT. At FDG PET/CT, unilateral vocal cord paralysis appeared as asymmetric increased uptake in the normal cord due to compensation by and hypertrophy of the non-paralyzed muscles (Fig. 1) . On retrospective analysis of the CT, vocal cord paralysis was demonstrated as ipsilateral piriform sinus dilatation and medial rotation and thickening of the aryepiglottic fold.
Regarding the 3 cases of recurrent laryngeal nerve paralysis upstaged by PET-CT, their overall stage remained the same, due to nodal and distant metastasis in two cases. The remaining one showed no change and was staged as T4 according to tumor size.
According to N staging
Accurate mediastinal lymph node staging is particularly important, as in many cases, the status of these nodes will determine whether surgical resection of lung cancer is possible [18] . This study agrees with Darling et al. [19] and Perigaud et al. [20] that PET-CT is a valuable tool in mediastinal lymph node staging but it should be considered as a [24] reported that PET-CT is more accurate than PET or CT alone in mediastinal lymph node staging. In the current study, PET-CT upstaged 2 cases with ipsilateral hilar LNs, 4 cases with ipsilateral mediastinal LNs, 3 cases with contralateral LNs (Fig. 2 ) and 1 case with supraclavicular LNs. It downstaged 3 cases with ipsilateral mediastinal LNs. In each group, there were cases with no overall change in stage due to other findings.
According to M staging
Regarding contralateral pulmonary nodules detected only by CT, all the six cases showed no change in overall staging and were still staged as M1c due to the presence of distant metastasis.
Pleural effusions are common in patients with NSCLC. Many of these pleural effusions are benign and may represent benign reactive fluid collections that do not preclude curative surgery. Thus, it is important to accurately differentiate benign from malignant effusion [25] .
This study agrees with Schaffler et al. [26] who reported that that PET-CT is a good tool for differentiation between benign and malignant pleural effusion. In this study, PET/CT downstaged only one case from M1a to M0 as the pleural effusion was not FDG avid, while the remaining cases showed no change in M stage due to the presence of distant metastasis.
In routine clinical practice, CT remains the standard imaging technique for the liver. The use of PET is mainly to provide additional information for the differentiation of hepatic lesions that are indeterminate on conventional imaging [27] .
This study agrees with Stroobants [27] that PET-CT provides additional information for the characterization of hepatic lesions detected by CT. PET/CT led to downstaging of two cases, one of them was downstaged from M1b to M0 and from IVA to IB rendering the patient operable, yet the bad general condition of the patient precluded surgery. The other case was downstaged from M1b to M1a, but the overall stage was not changed (IVA) due to the associated contralateral pulmonary nodules.
Regarding adrenal metastasis, Fangfang and Hong [28] showed that in patients with NSCLC, many solitary adrenal masses were not malignant. So, it is very critical to distinguish between a metastatic lesion and an adenoma.
In this study, PET/CT upstaged only one case from M0 to M1b and from IIIc to IV A after detecting high FDG uptake in the adrenal gland (Fig. 3) .
Regarding brain metastasis, in this study, only two cases had brain metastasis by CT and were identified easily by PET-CT because of the good anatomical localization applied by CT. This study agrees with Fangfang and Hong [28] and Patricia et al. [29] that CT and/ or MRI are more sensitive than PET/CT in detecting brain metastasis. So, there was no change in the staging regarding brain metastasis in this study.
Regarding bone metastasis, in the current study, we agree with Silvestri et al. [6] , Wu et al. [30] , and Schirrmeister et al. [31] studies who concluded that PET-CT is effective in detecting bone metastasis. In this study, PET/CT upstaged 4 cases from M0 and M1a to M1b but two cases showed no change due to associated extrathoracic metastasis (Fig. 4) .
Regarding intramuscular metastasis, this study agrees with Surov et al. [32] , Yilmaz et al. [33] , and Savas et al. [34] who reported high sensitivity and specificity of PET/CT to detect intramuscular metastasis in comparison to CT alone. In the current study, the three cases detected by PET/CT only showed no change in the overall staging due to associated distant metastasis.
Regarding the extrathoracic LNs, FDG PET/CT may be used to identify unsuspected metastases. PET/CT may be used to identify metastases in normal-sized lymph nodes (< 1 cm at CT), as well as in those with a fatty hilum. Nodal uptake of FDG that is higher than the FDG uptake in the blood pool is suspicious for nodal metastases, and nodal uptake of FDG that is higher than the liver uptake of FDG is highly suspicious for nodal metastases [11] .
The current study is in keeping with Sahiner and Vural [35] , who reported that the use of PET/CT can also reveal metastasis that would otherwise escape detection as lymph nodes. The benefit of combining conventional CT with PET imaging has been estimated to increase the odds of identifying metastasis at those uncommon sites by 5-29%. The four cases detected by PET/CT showed no change in the overall staging due to associated liver and bone metastasis.
In the current study, PET-CT changed the plan of treatment in 5 patients. So, we agree with El-Hariri et al. [36] and Subedi et al. [37] who reported the impact of PET/CT on changing the stage of the disease and the treatment strategy with change in the management plan converting some operable patients to being inoperable and vice versa.
The study had several limitations. The relatively smaller sample size compared to other studies on the same topic. Most of cases were presented in the delayed stages of the disease with multiple distant metastasis, so there was no role for surgery in these cases and no need for further diagnostic imaging or histopathological correlation.
Conclusion
PET/CT is a useful imaging tool in initial staging of the newly diagnosed patients with NSCLC. It is better thаn СT alone for detection of malignant lesions for accurate staging. It can change the strategy of treatment according to its findings. 
